We analyze fast interaction cycles in bipartite quantum systems, showing that the statistics in one of the parties (the detector) can be used to determine the two-point correlator of the observable which mediates the coupling in the other (the target). We apply the results to the response of particle detectors coupled to quantum fields and subject to this kind of interactions. We show that, in principle, such a setup can be used to experimentally obtain a direct evaluation of the Wightman function (both its real and imaginary part) for any field state.
I. INTRODUCTION
Particle detectors are localized and controllable quantum systems that are coupled in space and time to quantum fields [1] . Therefore, particle detectors provide us with a framework for the analysis of local aspects in quantum field theory.
Initially formulated to study phenomena such as the well-known Unruh [2] and Hawking [3] effects, particle detector models have been used in more general questions. Among these we find the introduction of switching processes, which makes particle detector also suitable to model the physics of superconducting circuits and the light-matter interaction (See, e.g., [1] ).
Given an interaction HamiltonianĤ between the detector and the field, we can defineĤ ′ = χ(t)Ĥ, where χ(t) is a smooth, integrable function of time that accounts for the physics of switching the detector on and off. These switching functions have played a role in the study of thermalization of particle detectors when smooth and long-time processes are applied [4] [5] [6] . Conversely, the use of fast and intense couplings, described as "delta" interactions, was introduced for first time in [7] , and later used to analyze non-perturbative and perturbative phenomena in RQI-scenarios [8] [9] [10] . As a matter of fact, delta interactions have become one of the few tools that allow us to analyze physics beyond the perturbative regime in quantum field theory (for a summary of non-perturbative approaches see e.g., [7, [11] [12] [13] [14] ).
Series of fast and intense interactions have been used in the past for operational purposes in relativistic quantum information [15] . However, little work has been done in the analysis of deviations from statistical independence when non-overlapping sequences of interactions are considered. In a statistical independent series of experiments, such as tossing a coin, the collection of individual probability distributions for each experiment completely determines the total probability distribution of the series. However, if a detector is subjected to two identical interactions with the field at different times, the transition probability of the detector after the whole process cannot be calculated from the excitation probability of each interaction separately.
This point is not as trivial as it might seem at first sight. The fact that those correlations exists could be argued to be originated from the field change after the first interaction and its backreaction on the detector. However, this hand-wavy argument cannot tell the whole story. Indeed, we will see that the statistical dependence emerges already at leading order in perturbation theory. This means that it cannot come from the state of the field backreacting onto the detector (which happens at subleading orders).
In this paper we start with a very general study where we analyze the behavior of a bipartite system, a detector and a target. We will analyze a situation in which, starting from an uncorrelated stateρ d ⊗ρ t , both parties are interacting through evenly distributed fast cycles at leading order in perturbation theory. In section II we show that the deviations from the statistical independence are related with the correlations in the initial state. Concretely, if the detector and the target interact linearly by means of an operator acting over the target, sayÔ, then the detector's deviations from statistical independence after the interactions are related with the two-point correlator Ô (τ )Ô(τ ′ ) ρt .
We show that, provided that the detector's probability distributions after each interaction separately are known, we can directly extract information from the two-point correlator of the operatorÔ in the stateρ t . Further, we show in section III that if the interactions are fast enough, then they are completely determined by the correlator evaluated at the times the interactions take place. We finish the general discussion in section IV, where we propose a procedure for evaluating the correlator at two different times directly.
Section V is devoted to showing that the results from previous sections can be applied in the context of particle detectors. We make use of the so-called UnruhDewitt (UDW) model, that describes a detector following a trajectory in space-time and coupled linearly with a quantum field, showing that deviations from statistical independence can also be used to compute the two-point correlator, also known as Wightman function, between the two points at which the interaction takes place. We discuss how the limit of pointlike interactions in space and time can be made sense of, and how much information can be extracted from the quantum field with this set-up, and we list its advantages and limitations respect to the most common set-ups in the particle detector's literature. We conclude and summarize in section VI.
II. SET-UP

A. Hamiltonian of the model and description of the system
We are going to analyze the process of measurement of an observable of a quantum system (target) by coupling another quantum system that acts as a detector. In this context, the detector-system bipartite states are density matrices acting on a tensor product of the two Hilbert spaces,
Let us assume that we couple a degree of the detector m to an observable of the targetÔ through a simple product linear coupling, which in the interaction picture is given byĤ
where λ is the coupling strength,Ô is an observable over the subspace H t ,m is an observable over the subspace H d and τ is a time parameter. The time dependence comes from the fact that we assume that both the detector and the target systems have non-trivial free evolution and thus the operators in the interaction picture are time dependent. We will assume that the detector degree of freedomm has a discrete spectrum, and, for now, that the operator O for the target system degree of freedom being measured is bounded. We will relax this restriction in further sections when we talk about quantum fields being the target systems and atoms being the detector systems, but we will keep it for the following sections.
Finally χ(τ ) is a switching function controlling the timescale of the interaction.
In this paper we are interested in computing the excitation probability of the detector subsystem D from its ground state |g to any other state in H d .
Let us consider that the initial state of the detector is the ground state and the bath is in an arbitrary state:
From this initial state, we can calculate the transition probability to any excited state at leading order in perturbation theory after the interaction dictated by (1) starting from the following expression:
. . is the unitary evolution generated by (1) andÛ (k) is the k-term of the Dyson expansion ofÛ in the coupling strength λ, which is defined asÛ
Here T indicates the time-ordering operator. We note that the duration of the interaction is encoded in the switching function χ. For the initial state (2), one can simplify (3) taking into account that, e.g.,
Cancellations of this kind allow us to write (3) at leading order
where Wρ t (τ, τ ′ ) is the two-point correlator of the observableÔ in the initial stateρ t . It is defined as
On the other hand w c g (τ, τ ′ ) is the connected two-point correlator of the observablem in the ground state |g , that is
To simplify the scenario let us model the detector as a two level quantum system and we takem as a Pauli observable that does not commute with the detector's free Hamiltonian. If we define the operatorσ − as the operator satisfyingσ − |g = 0,σ + := (σ − ) † , andm(0) =σ x , and thenm(τ ) = e iΩτσ+ + e −iΩτσ− where Ω is the energy gap between the ground and excited states, we see that w c g (τ, τ ′ ) acquires a convenient form
Notice that generalizing this to a higher-dimensional detector is trivial. For example, if the detector is a harmonic oscillator and we choosem(0) to be its position operator, that ism(τ ) = e iΩτâ † + e −iΩτâ with Ω the separation between energy levels, w c g (τ, τ ′ ) also has the form of a complex exponential as in (9) .
With these simple systems expression (6) takes the form of a Fourier transform. From now on we will focus on the case of detectors modelled by two-level systems for simplicity. We define the following bi-functional over (sufficiently well-behaved [4] ) positive switching functions:
where the symbol * denotes complex conjugation. With this notation at hand the excitation probability takes a more compact form:
The functional W
The proofs can be found in appendix A.
B. Combs of interactions
For our purposes, we are going to particularize the switching function χ(τ ) to a repeated succession of interaction bursts. We will consider a switching function composed of a sequence of N repetitions of a particular time dependent function ξ(τ ). Specifically,
Here the notation ξ τ0 l (τ ) has to be understood as ξ
where ξ is a certain function, which we call "tooth" function, τ 0 is the time at which the first tooth is centered, and the rest of the teeth will be centred at τ 0 + lζ for l = 1, 2, . . . , N . Hence, ζ is the constant lapse between each two consecutive interactions. The excitation probability in these conditions is readily obtained from (11):
It is useful to separate this sum in two parts:
1. The sum of terms where the integrals only involve tooth functions centered at the same time (local terms). These terms are proportional to
, and therefore each one of them independently can be interpreted as the excitation probability of the detector when only one switching process is implemented.
2. The sum of terms where the integrals involve tooth functions evaluated at different times (non-local terms).
Now for the non-local terms we see that the sum runs for l, s from 1 to N , with l = s. Equivalently, we can write this sum with the index l running form 1 to N and separate the sum for s < l and for with s > l. After making this separation explicit, we can write (16) as
Here the first sum can be rearranged by changing the name of the indices. We define n = s and m = l − s, in such a way that we have
Similarly, we can write the second sum as
Attending to (13) , it is clear in this form that both sums in the r.h.s. of (17) are complex conjugate of each other. Gathering these results together, we write the excitation probability (16) as
Here we have notated the local terms as
and the non-local terms are collected as
Note that if instead of a succession of N teeth the switching function were composed of a single tooth ξ, the transition probability would be given by just P + ξ,0 . In this form it can be readily seen that the local contribution to the total excitation probability consists of the sum of the probability of excitation switched on only for the duration of every individual tooth.
On the other hand Cρ t (Ω, τ 0 ) gathers the contributions that comes from the existence of time-correlations in the stateρ t .
Note that equation (20) works for any general comb interactions even if the the two-point function is not stationary (i.e., even if it does not depend only on the difference of times). We conclude this section with some remarks specific to the situation when we impose stationarity.
C. Stationary correlations
We can consider situations in which the two-point function is stationary, that is,
In other words, the correlations between two events depend only on the difference of times between them. It is interesting to consider the stationarity condition as it is fulfilled in paradigmatic scenarios in physics of detectors interacting with quantum fields, which is our main goal here. Such scenarios comprise, for instance, the interaction of inertial detectors with vacuum and thermal baths, as well as the interaction of uniformly accelerated detectors with vacuum, as we will discuss in more detail in section IV. When the situation is stationary it is very easy to see how the information about the target correlations is imprinted in the excitation probability. This allows us to conceive a simple theoretical protocol to extract this information.
For stationary correlations we can see that neither (21) nor the different terms in (22) depend on n or τ 0 . Indeed,
Using the invariance (24) we can see that (20) simplifies to
where
is again the excitation probability associated to one single interaction and
is the time-correlation term. In this case, it is easier to understand the nature of the two summands in (25): if we considered N statistically independent switching experiments with a single tooth, the probability of finding one excitation after N independent switching experiments follows a binomial distribution, which for small individual transition probabilities can be approximated as follows:
In our case this approximation holds since we are in the perturbative regime hence P + ξ ≪ 1 . This observation allows us to identify the first summand in (20) as the probability of finding an excitation in N uncorrelated repetitions of a single switching experiment. Hence, the second summand corresponds to the deviation from the uncorrelated scenario given by the time correlations in the field when we consider a succession of N switching teeth.
III. STRONG AND FAST COUPLINGS
In this section we will consider that the comb of interactions consists of short and intense teeth. We will see that this kind of interactions allows one to probe the two-point correlator with arbitrary precision.
A. Single tooth interaction
We shall calculate the excitation probability when the switching function is short and intense but with a finite width, which we will call η. More concretely we are interested in the behavior of the excitation probability when this parameter η is small. We can parametrize a switching function with those characteristics in a sufficiently general form as:
where ϕ is an integrable, positive function which is normalized to one. Notice that in order to avoid the introduction of additional timescales we must endow the switching functions with dimensions of inverse time. The one-parameter characterization (28) leads to families of nascent delta functions. Indeed delta-switching have been used in the literature in perturbative [7] [8] [9] and nonperturbative [10] calculations. If we smear a function f (τ ) with any member of this family and we take the limit η → 0, we have
where we have performed the change of variablesτ = τ /η and we have assumed that ϕ(τ )f (ητ ) is dominated by an integrable function for all η, in such a way that we can take the limit inside the integral [16] . If we calculate the action of bi-functionals of the form (10) over members of these families we get:
but in this case one has to be careful when taking the limit η → 0, as Wρ t is not a function (but a distribution) in general.
B. Comb of interactions
We will see that under those assumptions the behavior of the non-local terms and of the individual excitation probabilities in (20) are, in principle, qualitatively different as the latter can diverge in relativistic scenarios. Also the non-local terms are well defined in the limit η → 0 under some assumptions and, as we argue in section IV, can be used for probing the two-point function.
We leave the study of divergent two-point distributions for appendix B, where we pay attention to the behavior of the individual excitation probabilities and their relation with the limit η → 0 in the context of quantum field theory.
In this subsection we apply a comb of interactions of the form (14) , where this time the teeth are nascent delta functions of the form (28). We restrict our study here to the time-correlations involving the non-local terms given in equation (22) . Then the total switching function acquires the form:
Substituting in (22) we get
The expression of the action of the functionals W Ω ρt over the nascent delta switchings within the non-local terms is
where we have performed the following changes of the variables:
There is a sufficient condition for (34) to be well defined for any η = 0. Namely, if given some r > 0 there exists some η 0 such that if η > η 0 , then
for someτ ,τ ′ , then the two-point correlation function does not diverge for any r > 0, and more concretely the integral in (34) is dominated absolutely, as it is well defined for any η = 0. Note that condition (36) is automatically satisfied ifÔ is a bounded operator [17] .
If we consider the case r = 0, then assuming the condition (36) excludes a lot of interesting cases. As a paradigmatic example, in Quantum Field theory the Wightman function (the two-point field correlator) can be written as the sum of a regular part and a singular contribution (which is a distribution that in general will not satisfy (36) [18] ). However, the integral (34) will still be well defined for sufficiently regular switching functions. One may wonder if it may be tricky to consider in that case the limit of a delta switching and if such a limit may commute with the integral in (34). However, even in the case that (36) is not satisfied, one can make sense of the limit commutation considering that the delta limit arises from the pointlike limit of a sequence of switching functions of constant area that is symetrically made widthless. A discussion along these lines can be found in [19] . For sufficiently symmetric regularizations of the Dirac deltas (understood as the limit of symmetric regular switching functions as nascent deltas), the limit η → 0 can be taken under the integral sign also in this case.
In conclusion, be it because the condition (36) is fulfilled or because we understand the nascent deltas as symmetric limits of smooth enough switching functions, we can take the limit η → 0 inside the integral sign, and write
Therefore we conclude that the non-local contribution to the excitation probability has a well defined behavior in the limit η → 0 and we write
This behavior with η is crucial. It means that, for series of fast and intense kicks the deviations from statistic independence in the excitation probability of the detector only depend on the correlations in the initial stateρ t between the events when they take place. This result, that seems trivial, is what will allow to reconstruct the Wightman function from the excitation probability of the detector, as we will see in section IV.
To conclude this subsection we remark that, for simplicity in the expressions, we have applied evenly distributed interactions in time. Nonetheless, it is easy to check that the former statement remains true even when the interactions are not evenly distributed.
IV. PROBING THE TWO-POINT CORRELATOR WITH FAST KICKS
In this section we finally propose a method for probing the two-point function of the stateρ t . The method, as it has been advanced in previous sections, will consist in predicting the value of the two-point correlator between two events by kicking the system T sharply and intensely with a nascent delta switching centered in those two events and measuring their excitation probabilities.
A first characteristic of this method is that we have to be able to measure the excitation probability with single kicks, and measure the excitation probability with two kicks for the same couple of events. This requires to be able to ensure that if we repeat the experiment the two events, located at τ 1 , τ 2 , are equivalent to other two events located at (τ 1 + α, τ 2 + α), where α is an arbitrary lapse of proper time.
Besides, the accurate measurement of an excitation probability requires a huge amount the experiments. So if we want to predict the two-point correlator we need to repeat the experiment as many times as necessary and be sure that the quantities that we are measuring do not change if we perform the experiment at two different times.
All these considerations lead to the necessity of considering almost exclusively stationary situations, as it was pointed out in section II B.
A. Probing of the two-point correlator
The theoretical protocol that can be used, in principle, for probing the two-point correlator by applying two fast kicks requires the following assumptions:
• We can measure the excitation probability of the detector regardless of the number of interactions we are applying. More concretely, this means that we can measure the excitation probability when both a double-kick and a single-kick interaction are implemented at any time of our election. In our notation, we have access to the quantities P + ξ,0 , P + ξ,1 and P + . The indexes 0, 1 denote that we are applying the same interaction, described by the tooth function ξ, at two different times separated by a lapse ζ.
• We are free to change the parameters of the detector: the energy gap Ω and the lapse between interactions ζ.
• Besides, we assume that we can shrink the tooth functions in the way we studied in section III, that is, we can choose tooth functions ξ in such a way they act like nascent delta functions, ϕ η .
• We also assume that we can kick the target with intense interactions but not intense enough for coming out from the grounds of perturbation theory in the coupling constant λ.
Under these conditions, we particularize the expression (14) for the switching function for N = 2 and apply our results straightforwardly. First, the excitation probability in (20) takes the form
We define now the following function:
which only involves measurable quantities as we have claimed. By doing so we realize that we can obtain the value of Re W
0 ] just measuring the excitation probability in several processes.
Finally, for tooth functions of the form (28) we calculate the delta-switching limit of (40):
In these conditions we can build the whole two-point correlator by forcing the quantity Ωζ to take some concrete values, that is, if we synchronize the detector with the lapse between interactions. On the one hand, if Ωζ = 2πk where k is an integer, then we have that
On the other hand, if we synchronize the detector by choosing the energy gap to fulfill Ωζ = 2πk ′ + π/2, with k ′ a different integer, we have that
Thus we can build the whole two-point correlator in terms of measurable quantities:
In sight of this result, we see that we can approximately measure the two-point correlator between whatever two events by measuring the excitation probability of each interaction separately, and the excitation probability of the joint interaction. Further, as we pointed out at the beginning of this section the expression is completely meaningful. In terms of stationary correlations the statistic S takes the form
So, once we know P + ξ1 , which can be measured in an independent experiment, we have full information about the two point function by measuring the excitation probability P + with the comb of nascent deltas:
V. DETECTOR PROBES IN QUANTUM FIELD THEORY
The formalism developed in previous sections has applications in Quantum Field Theory in the context of particle detector models. Among these, the most notorious is the so-called Unruh-DeWitt model [2, 20] , which describes the interaction of a two-level system coupled linearly to a scalar quantum field. In this section we are interested in how much information can be extracted from a quantum field with fast kicks.
We will see, in the context of the UDW model, that we can evaluate the field two-point correlator (the so-called Wightman function) between two events that are connected by the trajectory of a detector x(τ ) = (t(τ ), x(τ )), namely,
. The Unruh-DeWitt detector is a localized two-level system that couples locally to a scalar field. While simple, this model captures the fundamental features of the light-matter interaction when exchange of angular momentum is not relevant [1, 19] .
H t is now the Hilbert space that describes the state of the scalar quantum field. In the original model the detector is a point-like two-level system that follows a certain time-like trajectory in space-time and interacts with the quantum field. The Hamiltonian that describes such a situation is given by the form (1), where the operatorÔ that mediates the interaction is simply the amplitude of the field evaluated along the trajectory:
The case classically most often studied in the literature is the case of a detector that interacts for a long time with the field. The two-point correlator then is often assumed to be stationary so that the detector reaches the equilibrium with the field in the adiabatic limit. For stationary correlations, it can be shown [4] that the asymptotic behavior of the excitation probability for long times (and at leading order in the coupling constant λ) takes the form
HereW (Ω) is the Fourier transform of the two-point correlator evaluated at the energy gap of the detector.
Note that a similar calculation for the deexcitation probability leads to
The distributional nature of W in the case of quantum fields requires a careful approach to understanding expression (49). However, this expression can be made fully meaningful in most common situations by understanding the process as a limit of long-time, smooth switching processes (adiabatic limit) [4] . However, some subtleties related with this issue will appear in the context of our formalism, and will be discussed later in this section. One may wonder how much information about the field is encoded in (49), in other words, how much information about the field does the detector extract from a stationary field state in the adiabatic limit. First we observe that the quantity C(Ω) =W (Ω) −W (−Ω), the antisymmetric part of the Fourier transform of the Wightman distribution, has the following expression:
that is, the Fourier transform of the commutator of the fields. For fields fulfilling canonical commutation relations this quantity is a c-number (a multiple of the identity). Thus it is independent of the state of the field. Knowing C(Ω) allows one to probe the classical features of the quantum field. Among these, we can consider, for instance the mass of the field and the speed of propagation. The field commutator of the fields is a solution of the homogeneous equation of motion [18, 21, 22] , thus containing classical information. In contrast, the symmetric part of the transformed Wightman function S(Ω) =W (Ω) +W (−Ω) contains information about the state of the field. In previous literature, it has been common to consider the interaction of field states with detectors following trajectories that are associated with symmetries of the space-time, namely, accelerated detectors (related with boosts), inertial trajectories (related with space-time translations), and circular motion (related with rotations). Particular efforts were put on probing the thermal character of accelerated detectors interacting with the Minkowski vacuum, which is commonly known as Unruh effect [2] , as well as the characteristics of the radiation emitted by black holes [3] .
All these features can be analyzed from equilibration processes corresponding to equation (49). However, there are many other interesting features that would be missing in such analyses. Waiting for equilibration formally requires to take the long-time interaction limit, which makes the nature of the predictions non local. The response of the detector will omit the details of the local structure of the field. Some questions, as how different effects dominate at different time scales cannot be addressed with this setup. For instance, an accelerated detector interacting with a broad class of states will finish in a thermal state at the Unruh temperature [23] . To a large extent, everlasting accelerated detectors can erase any non-Lorentz invariant effects in the theory, as shown in [24] . In addition, this non-locality implies that the detector is not obtaining information of the Wightman function at some given space-time point. Instead the whole world line of the detector is integrated and the response of the detector becomes highly dependent on the particular trajectory of the detector, therefore yielding different predictions for different trajectories when the detector crosses the same space-time points. Whereas this fact is an advantage for the analysis of the Unruh effect, as an analogy between moving detectors and alternative quantization schemes can be established, it poses a challenge to direct measurements of the correlation functions of the field, since for a given detector phenomenology, we cannot separate its dependence on the detector trajectory from the dependence on the field state.
Analyzing the response of the detector for finite time interactions can address the limitations of the analyses mentioned above. The procedure outlined in previous sections allows us to imagine a direct measure of the correlations of the quantum field between two space-time events, thus avoiding the ambiguity of whether the pullback on a particular trajectory or the actual Wightman function is being probed.
Henceforth, we will analyze the application of the formalism developed in previous sections to the UDW model, as well as discuss its advantages and its limitations.
First, taking into account the result (46) we realize that we can calculate the value
as a difference of excitation probabilities. This model assumes complete knowledge of the trajectory of the detector x(τ ), and we assume that the inertia of the detector is larger than the momentum exchange with the field, i.e., we neglect any possible backreaction of the field on the detector's trajectory.
Knowing the trajectory of the detector parametrized in its proper time τ allows us to fix the two space-time events we want to probe. In other words, once we know ζ, the proper lapse of time between the two interactions, and the initial time τ 0 , we know the exact points x(ζ +τ 0 ) and x(ζ + τ 0 ) between the correlations are being measured.
There are several subtle aspects when we carry out these analyses in the context of quantum field theory:
1. At first order in perturbation theory, we can only evaluate the correlations between two spatial regions at two different times. We do not have access to the n-point function which in general implies that we have no complete knowledge of the quantum field. Nonetheless, it is well known that in certain situations the n-point function can be constructed from the two-point Wightman function. This is the case for the so-called quasi-free states, also known as Gaussian states [18] .
2. We cannot evaluate the correlation function between space-like or light-like separated regions, as any physical detector can only follow time-like trajectories.
Among these, a particularly important technical aspect is that the value predicted in (52) cannot be thought as the value of a function overall, but as the outcome of a distribution acting over narrow smearing functions. However, the point-like information about the Wightman function can be made meaningful when it is understood as a limit of regular finite-smearing distributions. As an example, it is well known that any regularization of the Wightman distribution of the vacuum of a KleinGordon field is divergent in the coincidence limit when the regularization is removed [18, 21] . However this does not present a problem in this case as the non-local terms in (34) do not involve the coincidence limit, so the limit of the switching functions to delta distributions is well defined.
Importantly, we recall that (40) involves the value of the difference of individual excitation probabilities. Both the excitation probability of the combined process and the individual excitation probabilities diverge in the delta-switching limit, but these divergences are spurious and point-independent: the different excitation probabilities at different times diverge but their difference remains finite. This allows us to, in principle, suggest possible experimental protocols that obtain the value of the asymptotic expression Wρ t (ζ + τ 0 , τ 0 ) as η → 0. In appendix B we develop, for completeness, the asymptotic behavior of the individual excitation probabilities in the delta switching limit for a wide variety of cases.
VI. CONCLUSIONS
In the context of a quantum system probed by a quantum detector, we have shown that we can use the detector response to time-separated interactions as a tool to extract information from the correlations in the target system by analyzing the statistics in the detector system.
We have analyzed the general form of the excitation probability of the detector from the ground state to any other state at leading order in perturbation theory, focusing in the simplest case of a two-level system.
We can write this excitation probability after two fast interactions as the sum of the individual excitation probabilities plus deviations from statistical independence. These deviations encode crucial information about the target two-point correlation function smeared over the switching function that has two peaks centered at different times. We have further analyzed the particularly relevant case where the correlations are stationary, which corresponds to interesting cases such as thermalization or any other equilibration process.
Next, we have taken the formal limit when the interactions are fast and intense, thus resembling delta distributions. In this limit the correlations are only dependent on the two-point correlator evaluated at the times where the interactions take place.
Under the former conditions, we developed a detection protocol in which both the real and imaginary components of the two-point correlator can be directly measured in two different times. This protocol assumes that once the lapse of time between interactions ζ is fixed, we can change the energy gap of the detector Ω. Both the real (imaginary) part of the correlator can be measured if we synchronize the energy gap of the detector to perform an even (odd) number of free cycles between interactions.
Finally, we have applied these results to particle detectors coupled to quantum fields. Assuming the UDW model, this method allows one to measure the Wightman function between two events that are time-like separated for a wide variety of states and theories.
We have discussed the mathematical subtleties of evaluating an object of distributional nature in a point, then seeing that this can be done as far as the Wightman distribution does not diverge inside the light-cone. Of course, this is the case for the most common theories that can be found in the literature.
We have also compared this method of measuring the Wightman distribution with the more conventional way, that for a stationary state, consists in waiting for the detector to reach equilibrium. This fast-interaction approach avoids taking the long-time limit, leading thus to measurements that do not involve the non-local character of equilibration. In summary, finite time interactions can be used to probe the Wightman function of a quantum field. This has the advantage that we are able to measure the correlation function in a space-time localized manner in two points, rather than its pullback over a full trajectory, which is the information one gets when waiting for equilibration.
Appendix B: Transition probability of a single kick
In this appendix we analyze the excitation probability of a detector coupled to a scalar Klein-Gordon field with a switching function of the form (28). In this context the excitation probability will not be well defined in the limit η → 0. This will be caused, as we will see, by the well-known ultra-violet divergent character of relativistic quantum field theories [18] .
It is clear that if the interaction time goes to zero without varying the intensity of the interaction, then the excitation probability will vanish in the instantaneous interaction limit. However, it is a very different case if we increase the intensity of the the interactions as they get shorter in a delta switching limit.
It is well known [6, 25] that taking arbitrarily sudden interactions causes UV divergences in the model. Regarding the nature of the relation between the ratio between the intensity of the interaction and the interaction time we have three options. First as we mentioned above, the interaction time decreases as the intensity increases, but at a slower rate, so we remain in the case where the excitation probability vanishes as the interaction time vanishes. Second, the intensity increases faster than the interaction time decreases. In this case a divergence in the excitation probability is expected regardless of the UV structure of the theory. We are interested in the third option: If the interaction intensity increases at the same rate as the interaction time decreases, as in (28), then the excitation probability has an UV divergence.
Indeed if we use χ = δ τ0 as switching function in the excitation probability (11), we obtain
which turns out to be divergent in the limit of coincidence. Physically, this means that the detector is interacting with all frequencies of the field, as the change in the interaction happens in an arbitrarily short time. This is a characteristic feature of Quantum Field Theory, which would not appear if the field had a finite number of degrees of freedom. It is well known, however, that for any stateρ t which is Hadamard [18] we can write
where Fρ t (x, y) is a regular function and 0|φ(x)φ(y)|0 is the Wightman function of the scalar field in the Minkowski vacuum. As Fρ t (x, y) is regular, the second term as η → 0 is going to dominate. Once clarified the importance of the vacuum Wightman function in more general grounds, we will dedicate the rest of this appendix to analyze the excitation probability of an UDW detector coupled to the Minkowski vacuum through a nascent delta switching. In those conditions, the Wightman function takes the form (see, for instance, [22] )
is the space-time interval between x and y, d is the spatial dimension of the theory and D d (ω, m) is the density of states of the field for a certain value of the energy ω in that dimension. The latter can be written in a closed form [22] :
(B4) We see that the Wightman function diverges for KleinGordon fields in the coincidence limit, that is for x = y, as their density of states is unbounded.
Therefore, we particularize the functional (10) to
Hence, taking into account the formulae (B5) and (B3) and for a switching function of the form (28), we have that the functional (10) is In order to analyze the asymptotic behavior as η → 0, we perform the following changes of variables: (B9)
Now, it can be seen that the density of states from (B4) fulfills the following:
For d ≥ 1 we write
Finally, assuming that the conditions of the dominated convergence theorem [16] are fulfilled in the integrals we can take the limit of the quantity η d−1 W 0,d [ϕ η , ϕ η ] (for d > 1) when η goes to zero inside the integral. This limit leads to the asymptotic behavior of the excitation probability:
whereφ is the Fourier transform of the function ϕ, which we assume that decays faster than any polynomial. Also, we have taken into account that
where we have expanded the numerator at first order in η and we have taken into account that any time-like trajectory fulfillsẋ 2 = −1. Thus, we can write the leading order behavior of the excitation probability as η → 0 as
with d > 1. The case d = 1 is special because the divergence is not only ultraviolet, but also infrared, that is for m = 0 the spectral density D 1 (ω, 0)/2ω is not bounded from below. We expect, however, a logarithmic divergence as m goes to zero (see, for instance, [22] ). We see from equation (B10), that the massless limit and our delta switching limit are the same in 1 + 1 dimensions.
We see from (B14) that the response of the detector ignores both the mass of the field and the energy gap of the detector for d > 1. Therefore the detector's response is asymptotically independent on its state of motion as the interaction time goes to zero. We observe that the detector interacts with the field as if it were following an inertial trajectory. Note that as the excitation probability has to be Lorentz invariant [1] , it does not depend on the velocity of the detector.
We have studied the structure of the divergences of an UDW detector when it is coupled to a Klein-Gordon field for arbitrary mass and arbitrary dimensions, and for arbitrary Hadamard states. Actually this analysis is auxiliary to the main purpose of this paper as we remarked at the beginning of the subsection; we are not interested in concrete expressions for individual excitation probabilities. However, what we learn from this study is that the individual excitation probabilities are not well defined in the exact limit η → 0, so we can only provide asymptotic expressions. In our opinion, this does not present a problem as any experimental device will introduce a certain amount of error. The important conclusion is that we can probe the Wightman function as accurately as we want by shortening the duration of the interactions η.
